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Twis atucy was perfoarmed to provide an endinssaving evaluation <f
warians upgrading alternatives "a" through "e” for the PWT KD at
Arneld AFE ae estated in  thke objectives of the sttached Hork
gtatement “rom Calspan a Subsontract 94-08. Alee preliminary
cogtg are to be provided along with the sffact of new eguipeent
on power factor. Using previcus harmonic current effecta studies
from LTI (Load Commutated Inverter) on  the Arncld AFE power
ays~am (zee Appendix 1) and harmenic torques effecte on ghafte in
PES drive a8t Arncld &FB, calculste these effacts For this PWT MD
study. Estlmate the narmenic distsrtlen con line alde (pewer
eyeten’ and the effecte of the narmonic torgques an the FRT MO

shafte for the varlsus altarnatives.

Befer to Appendix I for previoug power gyetem harmeniec distorticn
analyais wWhich was uged extenpively to savaluate the variousa
zlternativae in thia report. BRefesr te appendices II and III for
the torslecnal analyels with the 18T traneonle compresecr and the
1685 guperasnic compresscr respectlivellr.
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Twa  ad!ustakle freguency PWH drive asyetems of approximatelw

35,000 HP w=ach gowering the exiatinog MEZ and H2 wournd rotar

induction motors. Windings c¢f the metcoyr chorted at the slip
rirge and tha bBrughes. crush aggembly amd the liguld rheostats
scraped.,

Twe 35,000 EF (FWH) Puliss Width Medulated
inverters
ot = 35,000 HP x ®50/7HC = §1.7T M par WE Hetor

[4 Breakers)
Total Coat Twe Invarters = 3.4 M + $.08 M - 1.4 M

For & pulge operaticn Jeing #@xlsting traneformers

Eati L fine H - G pce’

ith Tth ik Ltk
175 110 .045 .023

{hotual harmcpige maset be inveastigated from supplier date:



. . - . ] I |

(Noemal Configuratzien Heing Previcus Study in appendix I

12 Pulse
= .65 of
B 5 Pul _ K ic. I . - 3 2 Py
Franklin 14 0x T o+ Ly - 1UZE3E A%
aArncld 43 x (7.8 « 1y = 3.8% 2. 5%
FHT 453 x (7.8 - 11 = 3.9% 2.58%
{FES:

Bug harmcnle distortionse are below IR maximim recoimended

allowabla.

Eati | Ghaft & ¥ H o m

Pamed on +torejonal asnalyeie in Appendix TII on  PWT HD with the
16T the emignificant shaft streseee are in the firet tuo modes and
the ressnant oonditicme with the 6th  and 12th harmcnic torgues
ooenr batween | and 283 RPM  (am  ghown in Filgure 1. From
Table 1, we gee +that the largeat atress ccocurs ia the 22 T8
diametar shaft betwasn the inductlen motors M2 and M3, Assuming
both WR motors MZ and M2 spe operstind, than at 53 BPM the 12th
harmoric excites the firmt toreionsl oeda which comtributea the

higheat stress of

H2 M3
{682 + 8851 = 1547 pai

with 35,000 HPF ratad torque at each wmotor and an saplificaticn
of 1.0, The woret harmanle torque is  the 12th Taead on review
of exleting PWM operated drives {extrapolatad frecm 2Q00 HF to
10,000 HF renge} #ith a mpagnltuds of apprasimately (20 of the
svarage torgus.



With The trapnecris COMPreEEIT, 167 connected to the dclve, then
bases op rasc.te in Appendix 1], &teady atate operasion wauld he
prohibited naar 54 and 143 RPH with 35,000 HP targque cn M2 and
M2, the makimum stresses would be {Figura 1 and from Table _) 1In
Sha?t 1 at 54 EPM and egual to (azsuming 0% moter rated torque
for 12th harmenic in PWM drivee and amplification § = Z007:

824 x .2 A 200 12,960 from MZ
1045 x 2 x 200 41,800 from M3
Max!mum Stress 4% in Shaft 1 = 74,780 psi near 54 EFM

1]

Therefera, steady state speration naar 54 RPY would  he
probibited. 4lgy, operating near 14%Z RPM weuld be prohlbited
due to s-rees in Shafc 4 as copputed below ueing Flgure 1 and
Tabie 1.

(442 - 111y x .2 2 200 = 13,240 pei near 142 RPY



=1 it 3 o e TPWM

For opersticon with the supersenis 165 compresscr from Aprendix 111,
Figure 2 and Table &, there would asse te steady state speed
rectrictions when operating with HZT  andsor Ml &t steady state.
2i{woe modail angular dieplacements are all in the same directizn for
W9 agnd M3 in *he first five modes the stresecs from M2 and M3 are

addi*ive and for full power arsa:

Mode _E

1 12 [140+1%34% x .2 x 200 = 10263 pai in ghafr 5 at Z5.1 EPH
2 12 (323+2671 K .2 & 200 = I3BOD pei iwn ghaft 5 at 43.5 FEM.
K| 12 {T43+543) x _2 x 200 = 51640 psl 1n shaft o at 58.5 EFM
4 12 Hegligibla stress

5 18 { ZB+1589) x .2 x 200 = 7404 pel {n epaft & at 147.1 EPFH

Inlesg powar levale are balow 15% of ratad then at=advy stats
aparg~jen near 25 1. 43,5, 58,5 apd 14T.1 BPH with PHH  =upplicg o

K2 and M3 mith 183 copuressor would be prahibited.

* NOTH: fth harmonic etrepses are usually amall wizh PWl drives,
but oust bBe verifled.



Ouring accelerating through torslonal rescnanc=s  (Flgure 1) bLhe
amp.ifivacier, @, 12 calculated by:

Tota. Torque = T = 2€.04(10)% lb-in
Tatal Inertia = T = 228564 lb-in-gac?
Palee = F = 140

Karmonic = H = 12

Parcent of Toraque & = 282

E
=TR 3 282 x 26.04(10)F x 12 x 10,2
hiz = =y = 22,9684 x 2 x = 3154
hiz = 3054

with fn = medal frequencyr

p—

€4 hz, @ = 3.87 £o/ / hiz
= 3.87 x B84/ 3054 = 4.3

For ist mode, fr

1ra
for Zed mode, fu = 1T0 bz, @ = 4.2 x — = 1ll.4
g4

Theraefore, accelerating through resonance shaft stresses with 16T
EDNPFEE&DP are;

Maximum Stress in Shaft 1

4. 3/200 % T4,7T60 = 1603 pal
[ist mode naar 54 BEFM)

Maxipum Strese in Shaft 4

11.4/7200 x 12,240 = 755 pei
[2nd mode near 142 EPM)

Thage atresses are low and present ne rveatrictions on torgue duering
atart up.



During acoelerating through torasichal ragonaqnces (Figure ) the
amp_ifizatione. &, 18 caleoulated ov chanding data frow 18T o 185
Jata o

Total Inertia - 740453 lb-in-gecd

3054 x 22964774042 = 947

o

-

.
1l

J—
2 = 3.BT7 fns Jh1z = 11,53 fn

@ s 1153 # 3I0.ZF = 3.6 lat mode
wo= 01133 x 53,3 = 1.0 2nd mode
g = 1183 x TG.2 = #.4 drd mpde

Maximum Strese in Ehaft & JI_BA200 x L0260 = 198 pai

lzt mede naayr 258 EFM

Maximum Strees ln Ehaft o5

7.0/200 x 23600 = B2Z6 psi
nd mede near 49 HPM

o
1

B.4/200 x L1830 2171 psi
3td mode naar 59 HPM

Maximum Stress in Shaft

Theee ptreeass are low, thus thers are no restrlictione an torgue
diring etart up Wwith M2 and M3 auppliad by PWHI power supplisa with
the 1E3 superaonic compresscr.



Advantagsaa -

Ligadvantade -

dizgkhar efficientv withlow coet and elaminases bruak

agaem=2ly and Jiguid rheostate

Power facotor lower and risks hicher than
pre=gent mode of apsraticon.

The prasant powar factor is 81 on WE maters, hat the
pawer factar will be reduced to coe 35° = (82 due e
phaga back of 35° reguired at rect!fler to get the
proper wvoltsge level to WE motors ME and M3

Thara wsnld be reptrictiona neer  resanant Epeeds
during wvarlable speed ateady state operation for
althar conpragace.

Line gide power facter can be improved substantiaily
by overexoiting Ml sand H4 dhen opsarating at BI0 EPM

on lipa.

Arniotker dipsdvantage 18 tha lesga of capabillity of
line aperation with HZ and M3 or must keep slip rings
ahd brush asseobly and put flzed reaistor (atainless
tube water cogoled) with valua ta give ratad torgue at
g00 REM. Cost of ramicstors astimatad at F130.020 .00
to 200,000, 00 per motbor.



I, —

Tuo adjustable frequency PWMI drivea of approximately Jd5.000 HE
each pitn additional switchegear to alilow simpoltanecusly powering
any tuo <f the four PWT MO0 drlve nptors. Same ag 'a’ |, axcapt na=d
erep ap trapaformers 1F the lavertare avre 6.9 KV at the outgur,

Addditianmal Caoat to "a” would be:

$. 04K (2 Braakers: + $1M Tranaformer for Each Irnverter

2% (%.044 + F1M) = ¥2.03H4

Total CSost "aa™ F2.08 + 33.48H = 35.5E8M + EKeaistora

Factery teste con M1 & M4 dndicate gufficlent margin for the

temperature rise from harmcnic currenta, with PWH supply.

Lina harmoniecs dauld be bthe same as "a’

Shaf~r strasses apnd restrictlona  frem harmeonie torgues would be the
game a8 "a° Wwhen AMI eupplles are driving M2 and M3 =ith either
compregsor on drive. Howewver, when PUMI suppliee sre used om M1 and
M4, -“he harmonle targuesa and reatrlictionms «ould be mare eavere, as
indicataed by Tablem 1 with 167 compresgor and Tabkle 5 wits 163

COmpregsor.

In addition, the WE motors ME2 and M3 must have the fixed resistors
in rotor circuit to keep the full power eperation on line
capability. Aleo FWMI at thags povwer levels must BEe considersd kigh

riek.



III. R

Suoply two adjustabkle frequency LCI drive systeme of 50,900 42 sach
for powering rew 12 pale avynchronoue motzys  reclacinrg the WE
induction motore M2 and M3 on same foundaticona.

Far E palae LCI'2. no naw transformers but wast phase bhack
rectifisre to match exieting motor woltage, <herefore, pover
factor would be lower during etart-up and variable espeed
cperatlon; hawaver. line gide pawer factar san ke =zorrectszd o
unity by overexclting large H1 and H4 asynchrencus motsrs when

ruaning on line,

Hote: HNew 0,000 HPF eynchronous motore oould Ba deasmigned 1o
hendle high=r veoltags sc  there would be no need to phase back
rectifiers, an improvement, not a reduaction in  power factor

near rated speed.

Line narmonica from bsth H2 and M3 operating nesr rated Laad
Hould Be uweing 100K HP/GKE HP = 11.1 timea PES pawer. therefore:

BOS Total Yarmonie Dletorsicn (R oulge’ ‘12 Prieel

Franklin 1+ 111y = 14 = 1.7% LB%

Arncld t1l 4+ 11,1 x .43 = 6.2% 2,4x

FWT (1 + 11.1) = .93 = 65.2% J.4%
FE=

10



Caloulaticog of Harmondic Torqua Effacts

Tha fallcwing caleculaticns are hbagsd on . L per unit torque for the

Atn narmcnmig and .1 par unit torque for the Ztk harmonic.

Tabie 2 gives the ateady gtate shaft stresges 8t torsional
regonances as ahown in Figure | for the 16T compresser drilven with
LCI7s om M2 snd M3 at 50,000 HF.

Mode  _H _Shaft Streas [(pell _Speed

M 12 (23543 + 288558y = £3399 pei in Shaft At 54 RPM
B (4738 + 5HTL1:z) = 136797 pei in Snaft atf 107 BEM

(12643 = JLTE) = 9471 pei in Shaft
B (25247 - B343) 15904 pel in Shaft

at, 142 RFK
5t 283 HFM

[ I I
—
(o8]

e e

He stendy state cperation neaar 54, 1237, 142 and 263 RFM.

For 12 pulpe opevatiqan tha Hz6 atreseesa would esaentially be
aliminated and mpead restricticons would he qnly st 54 and 142 EEM,

From Table 3 with MF and M3 dreiving an LGCI powar the stressea at the
above defined reepopnancea ars all below 3000 pal, thus there 15 no

ragtrictions on torque during stars up.

il



Tgsle 6 gives tna etesdy sheft stresses for steady Btate cperations
at 53,0230 HE an LOI power. riving with M2 and M3, the gteady eglate

sha®t stresszes at the torsleonal resonances gould bes

1 12 [ 4000 + 3840 = T840 pei in Shaft 5 at 25.1 EFM
1 & ¢ BDAL « TETLD) = 15670 pel in S3haft 5 At Q.3 REM
i 12 9240 + TEH40) = ZEBB0Q pei in Shatt & at 43 § FPK
Z (18480 &+ 15Z80) = A3TEQ pei in S5haft 5 at T RFM
3 12 (ELE&D o+ 157Q0) = JABSE0 pel Lo Bkaft 5§ at T RFE
q 8 (42800 + 314100 = T3810 pal in Shaft & at 11T HREH

Based on the above stregses, esteady stats operation gould ke
prohibited pnear the followling apesde: 251, 50.3, 483.5. 27, 71 and
117 RFM with LCI '3 on M2 and M3} with IB%S compresscr. For 12 pulee
cEeration reatricticne would be only at 25,1, 48.5 and 7L HFM.

From Tabla T, with MZ and M3 driving. the atresseg are at or below
000 pal, s9 there are no reetrictlone on torgque during startup.

12



10K HF x F45°HF = %4 GH LCI with Traneformers
1¢0F HP x 3J6/HF = $£3.6HM Haw 3ynchronous Mozors
4 Tircuit Broakers 4 x OzZM = & .03 {Baged on Latest 12

pulee Zrice - GEI

Tozal Dost £8 . 48HM

Advantagee are reliable varlable Bpeed aperatlon up to 103K HP and
raliable asarting zapsbility including high efficiency f{d@cod power
fastor) with =2fficient full power Lins operation capabi.ity.

Clzadvantagas are nigher line harsmonleos osar full power operation
witn LCL & cm M2 anmd M3, but marginally aczeptabl= and mecium
relative apat. Alec, more dlaruprlen <o facility doring
ingtmllation and restricted stendy state operation as  defipesd
previcualy a% eeveral speed. all kelew 300 EKEPM. For 1¥ pualse
aparatien, apsed restriction would be belaw  1E0 BFM and lins

harmonice would be accaptabls.

IV. ALTEENATI¥E "bh” iegimailar to "b7) Dat:

This option would convert the 10 pole WR induction motora ta 17
rale aynchroncus potores By making changea to the exizting Wi
motor rotor, @motor cocst would be reduced aad disruption to Ehse
evetem would be much less, but & major dicadvaptage is Zisne
cReratiop of M2 and M3 ie no londer posalble.

uine and leoad torgque harmonice wouid be gimiiar to alternative
"B and wewld alwaye ha pragapt.



v . won

Tws new  1Z pole 50,000 EF svnchronous motors replacing the Lwo WE
rotar laduatisn motore on the same foundations. Two new L[CL [foad
Coemmutated Iovertsart for powering the new 53,300 HF motors ard two
new [CI inverters for ful. powering of the two existing &3, 000 HF
mOTOES . ging existlind transformers with & pulse cperation the
rectifiers would hawe to  ba phaaed back to get <he praopsr ontpnt
voltage S0 the metors. Thie wowid lover the power Zagtsr on the
notors tz  arourd 0% and eynchronowe motors could not supply any
reactive power in thie mode of operation. Also the line harmornlicos

wannld be too high at highar ivads. For example. at fall load:

2TAE HP .
- . - 1 F. s

I FF - 0.9 ueg'rg previsus pover savastem in Appendix I
BuS Harmonic Digtortion Factor

Franklin .4 g 30.8 - 3.8% 4,35 2,17
Arrrnld MG oy 30,9 = 12X 13.29 5.7

BT A3 o 30,2 2 12 13.249 8.7

Torgue barmonics Wooid be much higher than "b” at the same szaeds.
Approximate Cost: {Baerd on 12 pulee being moet practical)
£ 3.6H Hew Hotors

£13_ Z5H L&l a +
$ _ieH Breakers

ICOK HE x $36/HF
278K HF = $48/HF
& (1000MYa) Circult Breakerse § x B_0ZH

13

13

17 . L1H + M1 & H4i Hotor
changes iF
pag&ible. mav
require new M1 &
Md at additicnal
5 410

Total Tost

14



Advantasgs - gives varizbla azpsed zapability sver totsl opeed
range with tutal horaepader, axcapt  for

restrictions at rescnant torsicnal epaeds.

Cigadvantages - lime warmonics too high, power factor too lew (&
pulee) and cost very high. Going to lE pulme
wainld improve opower facter but, line As*monics
would ghill be high . . 28/.43 =x 13.29 = 3.7% zan
Arnold and PWT buzes. The coet for 2 12 pulse
drive {s higher +than the £ pulse becauss aof
additinonal coate for LCT'e and additional
tranaformera bus, 12 pulee 1&g meet practizal at
thie ESWer rating becAnpe af required
rarallealing to aeet ourrent lavals.

Nota: Must check 58,000 HP wmotor heating in etator <pem LOI
harmonio currents !f uaing either aption

Torque harmenic shaft etresses would be muck higher at the toreizcnal
resonancee for aither the 18T or 162 conpresscr on drive since
harronic torgue energy would be ismput from all four motare to exelts
the toréisnal resonances. This would be troe at all  the resanant
speeds defined in alternate 'b" ot both steady state anc atart up.

7T ar 34

Conaider a s&lip energy recovery gyatem for M2 and M2 for “all
adjustable gpeed operation. A reyelo-copverter would replace tke
liquid rhecetate and the alip energy would be fed back =o the proder

eYstem.

15



The powar eyetam would sss harmepic distortion lswvele similst t-

altaraative 'a" of about 5% when operating near full power Javels,

[EN

Jaemoailcs targua pulaatien frequaencies are mnugh akove reescnancas an

should ot be & proklem, axcept st full speed muet e checkead.

Cast of 32,000 E¥A aycla-gonver=er at 1C0 per KEYA ieg $3.IZH or =atal

co3t = F64M for two motare.

VIL. ALTERMATIVE "g"

For alip energy recovery a5 B00 EFM only the drive wculd see 3, 12,
1B, &tc. harmenice  torgues of the slip freguancy with the d9%h
smplitode being about 20 of rated torgque at 509 HEM., At rated
torque and speed the Bth harwerlc 1lp a4t or near resonance #@ith the
£1.4 hz, lst wmode with L1ET compresecr or Ind mode 53.3 hz with 165
compregecr. (See Flguares 1 and 2) From Table . the wveorst dvnamicz
ghaft streag ie in Shaft 2, which means chen Jdriving the transonic
compresegor, thie etrees would be  [assuming an smplification of
@ = 200) egual to:

.2 (B24 + 10453 200 = 74780 peal ln shaft 2

and .7 (GHZ + 8HEB5> ZG0 BE1EE] pal in eshaft 4
when driving the trapneaonlc compresgar near 600 BEH.

Whar driving the supersaonic compressor 165, the maximum stress in

ghaft & would be the worst stress and sguas to:

2 (323 + 267) Z00 = 23 €00 psi near 600 RFH

16



All of tke above szaumeas that +tha damsping im Thke thirc torsicnai

made 12 =pougkh te Zimit the Aamplification £z ZE00 - thisg a2 a
reagonab.e  and conaervative asaumction,  but mugt ke verified Dw
test.

Concluelon - & 2ix oulae glip snergy recovery, LCI type, on bBoth WP
matorg ig  guegtionable &t €00 BPM and rated lcad. The line
harmonics &re marginal. around 5% the ahaft streages  from narmonis
torgues at 00 BPH zould be wery high.

The drive can be shut down by delaring firing angie in the rectifier
berond 9C°% and advaneing the Firing angle Lo invartsr 2o it becomas
a rectifier and the LCI works in reveras, feeding energy oack to the

gyaten.

The initial porticn of the ehut down would be the same; that is
raduce the compraeascr lcede and ahift  lead from WD and M4 ontoc M2
and M3, thken perform the above procadure toc get dynamle brzaklrg o
£0 BFHM where mechanical break —akes over.

¥III. OTHER ALTERHMATIVEE

11 Buy =ne 50,000 HF FPWM  iavertar, put Ffixed gtainlesg stesl
tubing, water oooled reaaisatorsa on ona WE motar, use PWH
inverter for start-up and sub-aynchronous cperaticn on this
notory, gat aXpsrlencs and evaluaticon of PWH inverters.

LT



Ceaplinga - Thers akould be oo mesd to change amy couplings Zov
any of the alternatives and the exizting capability
tz readlly somnnect and dieconnect BEWT HD T2 <he 167

and 165 cosmpregears could remain .

Angular Alignment - for in-line operaticon ahould remain the came.
providing shaft aizea of any new motors are consietent with the
present drive, giving the sgapos torgional atiffhnesges. Miring
getar<-up or steady rapning with LCI s om  replacemsnt Bynchronous
matoreg fzr MZ and M3 angular aligowent has no effect on operatian:
however, during in-lire synchronous operation of W1, M2, M3 and M4
with M2 apd Y3 being new avnochronous woators, the angular adiastmont
should ba very ema:l on M2 and M2 and cowld be accocmplished by

shimming the statore.

Slnce  the angular dJdiaplacements are different and  in cppaasite
directiona, depending on whether 1€5 or 187 are Leing driven, a Zack
gcraw arrangexent or & hydraullcally driven stator on a vim support
conld be aged to mere readlly make the angular adjuvetments to the
framen, Trothed couplinge oould alee be added to gllow theze

anguiar acjustmenta, but they require wore time to adfust.

Far alternate "b” replacing the WE motors M@ and H3 with 50,000 HF
gynchronous motore on the aamea foundatione. the fol.owing methods za

plalmlize down tipe zowld be considerad:

18



damove and repiace ocpme WE motsr with  H0.030 HE aynchronoue
motar, wae remaining WB o moter for start-up and line running
with (8% - 89 + 3A5IK-HP or 213 HF evailab’e wWhie ingtalling
and checking eout ZCl for the nevw syrchronous motor. May oo
coseibls to uaa new eynchroocas metcr  for line  *oanning Lo ga2h
full power oamanility  while inatelling 1let LCI. Whewn
lnetallatiane o 1st pew @metor and LCT  ie ccypleted and

aparaticnal taen procasd alth 2.

Remove and replacs eecond WR motor and ssscciated LTI uaing
rew’y irgtalied LCI ard motor foar etart-up. giving liane
rurning capability (8% +~ B3 + 50)E-HF or 228 HF and cn A part
time baeis eshould have total line power capabilizy  when second
S0.000 HF aynechronoue motor g installed snd while ine<salling
ite aggaclated LOT.

13



The pajcr narwopizs contr@ibuting to the line distortiorns on the
power system at normal and maximum  configarations are  the 17tk oard
19zh  ha=menizcs, ae  lilustrated hy the tar charze in Appendix
These can be grestly reduced by harmonic filters 12 ths harmonio
digtertion prolected  at the Arnoid Bus  are too lar@e. Estimated
coat for 17<h and 19th hkarmonle filters would ke approximazta’y
$100,000.0C each.

The FLZ'e contraliars for the new PWT HD adjustsble eppeed drives
zauld have =he capacity of handling existing hard-wired relay logoc
eimilar t> the spproach uweed in the existing 4T [L8 inetellation

The 4T IDS ueee a relatively large GE Series & FLO. This approscn
could provwide a migration zath from the exiating hard wired relay

legle.

20



CONCLOSION

The moat technically feasitle and coat affective mlterrat:.ve appears
te o2 alternate o', A achematic diagram cf "b" ia showr e Figute
% gzketch. Twelva pulse reguires additional +ranegfasrers, but
tualva or tRenty-Ffoar palse will srobably B2 pPeauired doe ko
required parallieling af bridges to meet the powap levs”
regulresente. Twenty-four pulee may roge o restrictlona on speed
diue to harmonic torques., It may aleo be wvithie acaestable lavels of
harwenic dietertion at the warioue buses and the poawar syatem in
ganaral. For alterna=e "B" the coat  includes 12 or 24 pulsa
aparation.

21



B4

LB,

403

G4

1E5.

408

B4

1849,

408

4

leg.

TAHLE 1 - Lymamic- Shaft Gtrassees With Transonac
Cocmpressor and @ = 1.

Total Tergae = 2. B04¢10%F [b-in

Zhals do. 1 2 3 4 £ ]
TS - CPLG - ML - M2 - M2 - M4 - UPLG

Bated Hotor Torgqueas in Fer Unlt

EHAEFT HO,
Stressen fpell

Ergg [Hz) Hevder 1 2 k| 4 5 8

L4598 Torgue on M1
1 1 1B82 FLH ) 1366 42 235
B 2 1 424 £E44 1854 oGa 415
3 1 a8 113 27 Il Z03

358 Torque on M4
M 1 298E 1087 2456 TEG 121
[ 2 1 270 347 1181 426 ZRE
3 1 24 3z & 31 54

.141 Torgue on MZ
1 l BZ4 anz ERZ Zih 117
E 2 1 10l 130 442 1568 g8
3 1 132 178 41 173 A0

141 Torque on M3
1 1 1045 aaa 865 287 149
g 2 1 26 33 111 40 25
3 1 153 208 47 £01 181

405



TA3LE 2 - Fraady Stats 3-lution for Shaft Ztragpsc
With Transonic Conpresgedr

g<h = .2 12th = . &
Eth 12th
Chafx Stresas Ctress
M1 wlzh 50,006 HE
1 147 4 13688 x BOJAG x .2 x Z00¢ = 30,593 54 5,293
2 283 4 1854 x Z2.5 = 41,530 142 20,765
M4 with 5,000 HP
1 LG0T 4 24585 =2 Z2.5 = B5,015(+) a4 2T.5UBL4:
z 283 4 1191 x 22.% = Z6.485(-) 143 13.ZZB1-7
MZ with 50C, 000 HF
1 107 1 B4 x .2 x 00 x BO/3B = 47,086 G4 23,543
z2 283 i 442 x B7.14 = 25 ,24T(=) 743 12,8230+

M3 with 50,000 HP

59,711 44 29,558
B,3430-1 142 1,1720-;

1045 « 57.14
11l = 57.14

—

g7
Z Z83

e



TABLE 3 - Shaft Stresass During Acceleration Throuzh
Eeasrancsa wlhkh Trangonlie Compressor
Gtk = .72 12th = .31
P-12 poles BLn 2D metocr torgoe
Tt = ZB.CG471G79 lb-1n 12th 1D mctocr torgque
IT = 32368 lb-ip-geci
E0/80 x 359 x Tt x h x pii
hH = = 325 for H=d
It x2xm or 850 far B=12
Qs = 3.67 fn/ ;525 for H=8
Q12 = 3BT fw/f gESD for H=IZ (% X lfyfi-: STy
H=6 E=12
fa Shaft Strass GLrege
Bode [hal  lio, fpaly _lomiy
M1 with &0,000 HP
1 B4 4 30,589 x 127200 = 1,989 254 x 19E85 = 7013
2 169.8 4 43,330 x 35200 = T ZE8 .354 w TZEZ = ZETO
M4 with 50,000 HFP
1 64 4 85 014 x 37200 = 3,576 .354 x 3576 = LZEE
2 189.8 3 28,4558 x 3IE/S200 =2 3,307 C354 x 3307 = 171
M2 with 50,000 HP
1 B4 1 32,9680 x 137,200 = 2,143 .3584 x 2143 = Tas
2 1689. 5 4 17,6680 + 357200 = 3,094 c 564 x 3094 = 1055
M3 witn 50,000 HP
1 gd 1 41,800 x 137200 = Z,T1TF 384 x 2TIT = 982
z 163.5 4 4 440 x 357200 = TrT L3534 X TTT = 275
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TAELE % - SBuvummary »f Btezady State {23531 and A-xzslaratirna
Thoough (4T) Eeesorarnce Snaft Ftresses witn
Tranecnic

Compresgor _&T

H=§ S5treze (pei) Hz12 Etregs [pel)
Freq. Shaft Spead Spead
_tH=z) Mo, IBPMI -1 _AT [RFEM] - _al
Fated Torgwe at HZ (53,200 HF

64 4 1a7 47, 03e Tled 54 23,543 TE3
160 . & 4 831 25, Z47 dob4 142 12,623 Lnas

Fated Torgue at M1 (52,000 HF!

64 4 107 58,711 27T b4 29,856 5e2
1E5. B 4 283 €,343(-] TTT 142 2,17280-1 ivh

Cannot Run Steady State in Neighborheood of
54, 07, 142 oy 232 RPH
Driving With HMZ and H3

Brh = _Z 12th = .1



ac.
£4.
LT
B5.
178,
S&5.

- -

TeZLE 5 - Dvaanle Shaft 34reesezs with Soper Soanlc

Shaft Ho.

a0 T ok b Lo b

LT: R

ad.
38
Ta.
5.
176
414 .
o2h.

L] e B Lad B2

963 .

m
Lo

00 =1 o e L] el e

ComEressor and w=1.

Tota. Torguea = Z_B04{I0)6 lb-in

Z Z 3 4 & B
CPLG - M1 - MZ - M3 - M4 - CPLG

FEated HMotor Torgques 1r Per [ait

SHABRT WO,
Stragesg [(pEl)

Hode 1 Z 2 4 g g

.359 Torgque on Ml
43 TR 25A 11% JB3 L
122 220 TiB 321 q350 1
Jz2 ETT 1BE5 A1l% £1E9 1
a3 14 13 13 34 1
235 382 1043 251 371 1
332 ) 130 g1 257 1
3240 T8 23 a7 aTn 1

. 359 Torgue on M4
39 71 232 197 A27T 1
7 139 453 202 58T 1
151 271 aTe 383 1014 x
Z | 1% o 1a "
102 EE4 1787 4458 B35 i
181 128 22 130 Ay 1
156 4 TE 20 102 1
238 82 58 Tl 3|0 1

IO Oh N O] 2



Mode

TG )

Ch Lo B s

L [oF

[N

[ TR LY S )

TAPLE B - Eteady 3*tata 3mlution for Shaft Etreasses

Freq

a0
58.
T,
ITE.

0 RO ta k2

aon.

TO.
L7&.

[ WA

a3a.
ba.
1.

bt o B3

k.2
4.3

Iw

0.2

&8.3
T2
176,56

With Super Sonic JompreEawnr

Shafs

LaCnonm

1Zth

Lo th Lhin

12th

monen

enimen

Gtn-2.3,

Streasz
-5

Ml witn 50,000 HFE

GBS x B0/89 x .2 x Z00 = 8,157
28 x 22 .5 = 0,202
2188 x 2.5 = 45,517
1043 «x 22 A = 24,439

Harmonic Reaponses are % of the above

M4 with 50,000 HF

12T = 22.5 =
26T x 22.6 =
1314 = 22.5 =
1787 = 22,5 =

Harmonic Responses are % aof the abowe

M2 with 50,030 HF Torque

140 % 50/35 = .2 x 207
323 = kT.2
T4 x 57.2

M3 with 50,000 HE Torqus

124 = BT.2 =
323 x ET.2 =
T43 = ET.2 =

T, 364
12,758
22,81¢%
40,308

4, 0a0
18,480
4, 500

TL.ETD
15, Z80
31,410

[6th = .2 and 17th = .1 for the above)

he = 325 hiz = BECQ
gg = 3BT x 302 o
328
Qe = 1.8
e = 14,3

qde a6

N =

Hi1z2

Wiz
W1z
d1a

4,078
10,101
i4,2450
11,720

1,675

B,a74
11,408
20,04

4,00¢
9,246
51,250

3,840
7,640
15, 708

3. 87w /Vhu



TABLE 7 - Ghaft Streases During édccelsraticon Through
Fe=gonances with Super-3onis Somprearcr 165

L L ) e N B e

[0 el

zth K 2th H
Freq. Shafr Stresn StreEE
er' Hﬂ I'EE-]'I EE'.I
M1 =ith 50,000 HFP
an.z 1) 8,187 % 6.15/200 = ZAl 2581 x 364 = b
58 .3 5 200,202 x 11.9200 = 1202 1202 x 354 = 428
TO.Z 5 48,517 x 14_3/200 = Jd5d 1468 x 354 = 1EZB
176. 6 3 23,432 = 36200 = 4219 472149 < 354 = 14543
M4 with 50,000 HP
an.z 5 T.388 x 8, 15/200 = 227 22% = .3B4 = EZ
5E.3 5 12,768 « 11.9/200 = T459 THd x 3E4 = 2B%
TO.2 L 22,815 x 14.3/200 = 1832 1832 x 354 = 674
178 . € 3 40,208 x 35/204 = TZ3B8 7238 x 354 - ZHEZ
M2 with 50,000 HP
an oz L 4,000 x &.15/7200 = 25D 250 x .354 = an
58_3 5 18,4830 = 11.8/200 = 1100 1100 » 354 = 341l
0.2 i 4% 500 = 14,3200 = 30440 040 = 354 = 10Aa0
M3 with 50,0300 HF
3a_2 a T,.870 x §.15/200 = 249 240 x 354 = a0
R3.3 b 1B, 280 = 11.9/200 = 913 910 x .3%4 = aan
TQ_.2 5 A1, 410 x 14.3/200 = 2252 2250 x . 354 = 8010



TABLE 7 - 3ummary of Steady State {5337 mnd dccalerafrling
Through VAT Fesonance shaft Stressec
With Buper-Bonic Compressaor 1RS

H=§g Gtregs (pEil H=12 Ztregs (PELI
Frag. thaft Speed apeed

Bated Torque at MZ (50,400 HF}

1 JC. 4 5 E0.3 5,000 250 2b. 1 4C0 o

2 8.3 ) L 18,4480 1109 485 24 ha

3 To_2 & 117 42,5010 3040 285 z1z5 o8
Bated Torgua at HZ (50.9070 dF)

1 0,2 =) 50.3 T.6870 240 2b.1 34 g

Z 58._3 £ 87 10,280 9140 48 .5 TE & 3d

a3 T4.2 s 117 31,410 2250 L8, 46 1570 Bi

Blternate "B
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Fig.l1 - Harmonic Torque Resonances with 16T Compressor



Natural Frequency (Hz)
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PWT MD with 16S Supersonic Compressor
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6th Mode 414 Hz

Fig.2 - Harmonic Torque Resonances with 16S Compressor
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SECTION IV - VFPS ELECTRICAL HARMONIC ANALYSIS

The Variable Frequency Power Supply (VEPS) harmonic analysis is
based on the circuit configuration of Figure ss. The constants
for the circuit configuration were calculated from furnished
circuit constants and from standard text and handbooks with the
bases properly adjusted to the 100 MVA base used in the study.
The constants were then reduced to capacitance, inductance and
resistance values. These values were prepared for a balanced
three phase steady state analysis ‘using a Small System Simulator
digital program., The Small System Simulator (SSS) produced the
voltage effects on each bus at each harmonic frequency. These
effects were combined to form the total harmonic distortion
factor THDF.

CIRCUIT SELECTION

The circuits involving the 500 kV Pranklin Bus were furnished and
included 500 kV lines to Sequoyah and Maury with sources at each
point, three 3500 to 161 kV transformers, 161 kV lines to
Wartrace, Belfast, and Winchester and sources at each point. Two
161 kV lines to Arnold (or Main) completed the Franklin Bus
detail.

The 161 kV Arnold bus included the two lines from Franklin and a
161 kV cable to the PES bus. The detail at Arnocld was completed
by a load representing the remaining connections and a
capacitance equivalent to two additional cable circuits.

The PES 161 kV bus included the cable UG98 from Arnold, three
transformers with 13.8 kV secondaries, and two transformers with
6.9 kV secondaries. Transformers 1l and 4 (13.8 kV) supplied the
busses A, B, D, and E, each with a :a,suu HP synchronous motor.
rransformers 2 and 3 (6.9 kV) supplied busses C and F, each with
a 14,000 HP - synchronous motor. Transformer 5 (the New



CURREN 100000
30000HP SOURCE
CONVER 2p i o uE
) » ° == 8
2.%6 . 7.4% 180000 7.9 B 1usee
9.006 160
se.2 1268 126 126 3seee
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STARTS 18, 8kv

Transformer Reactance is 14% on

16ty

JNOUCTANCE AND RESISTANCE ARE IN PERCENT
ON A 100 NVA BASE
CAPACITANCE 1S IN CHARGING nvA

LINE CAPACITANCE 18 TOTAL LINE CHARGING HVA
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181kv

Fig. ss-- VFPS HARMONIC STUDY
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transformer with a 13.8 kV secondary) supplied the 13.8 kV Start
Bus. The Start Bus supplied a 30,000 HP motor, a station service
transformer with a welder on its secondary; and the VEPS

transformers.

Each section of circuit was connected with a breaker which could
be used to signal the digital program to omit the branch with the
breaker. The breakers were used to conveniently select desired
circuit configurations.

CIRCUIT CONFIGURATIONS CHOSEN

The circuits chosen included a maxi{mum configquration, a “"normal”
configuration, a minimum configuration and a “cold start”
configuration. The maximum configuration included all lines and.
sources connected on the Franklin Bus, a 125 MVA load on the
Arnold Bus, motors A, B, C, D, E,; and F connected to the PES Bus,
and the VFPS and welder connected to the Start Bus. Only the
30,000 EP motor was not connected to the PES Bus as it was
assumed to be operating at 9000 HP using the VFPS in the 6 pulse
mode .

The "normal®™ configuration was selected half way between the
maximum and minimum configuration. The "normal® term is included
in gquotations since the actual normal coperating configuration was
not available. This assumed configuration included all the lines
and sources connected to the Franklin Bus, 30 MVA load connected
at the Arnold Bus, motors A, C, and D connected to the PES bus,
and the VFPS, the 30,000 HP motor and the welder connected to the
Start Bus. The VFPS was assumed to be ocperating at 9000 HP
carrying motor E using a 6 pulse mode of operation.

The minimum system was chosen to maximize harmonics and remain
within reasonable operating constraints. The Maury source and
line only supplied Franklin. Only one line between Franklin and
Arncld was utilized. The load at Arnold was 0 MVA., There were
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no motors connected to the PES Bus. The Start Bus had only the
VFPS connected for 6 pulse operation at 3000 HP. The welder and
the 30,000 HP motor were disconnected. i

The "Cold Start”™ configuration was selected as the worst case for
harmonics possible on the system and was identical to the minimum
system except the Belfast source and line supplied the Franklin
Bus rather than the Maury source and line.

CALCULATION OF THE DISTORTION FACTOR

As suggested in the IEEE standard 519-1981, "IEEE Recommended
Practices and Regquirements For Harmonic Control In Electric Power
Systems”, the current injection into the rectifier side of the
VFPS transformers was sized according to the expected harmonic
levels.

HARMONIC LEVELS POR CURRENT INJECTION IN PER UNIT

Harmonic 6 Pulse 12 Pulse Arc Source
-5 0.175 0.026 0.077
7 0.110 0.016 0.031
11 0.045 0.045
13 0.029 0.029
17 0.015 D.002
19 0.010 0.001
23 0.009 0.009
25 0.008 0.008

The resultant voltages from the current injections were used in
an RMS calculation where all eight harmonic voltages were squared
and summed at esach bus. The Total Distortion Factor (TDF) was
caleulated at each bus by taking the square root of the
summation. A bus is considered acceptable if the TDF is less

than five percent.
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RESULTS
che results of the study may be gummarized in the following

table.
TOTAL DISTORTION FACTORS IN PERCENT
System Configuration

Bus Maximam Normal Minimum Cold Start Normal

Pulses 6 6 6 g  thefme 33
Franklin 0.18 0.14 1.28 29.17 Sgo 0.09
Arnold 0.53 0.43 2.69 31.57 &.90 0.28
PES 0.53 0.43 2.70 31.58 4q/ 0.28
A 0.14 0.15 . « 0.09
c 0.30 0.24 * . 0.16
Start 3.40 2.10 ° 4.98 32.59 §96 ?-!E

* Not Connected

This tabulation indicates the boundary of acceptable operation.
The Franklin Bus must be supplied at least one of the 500 kV
lines with a reasonably normal utility source. If the 500 kV
lines are not in service, then it is punihln that the 161 kv
lines may be too weak of a source and harmonic resonance may
occur as in the "Cold start® configuration. In the *Cold Start”
eircuit, the fifth harmonic was approaching resonance at the
Belfast Source. With the 500 kV lines in service, the harmonic

levels should be below 5 percent distortion for all operating
conditions.

A 1look at the harmeonic activity on the various circuit
configurations was made by comparing the distortion factor for
each harmonic at a specific bus. The maximum configuration had a
slight rescnance at the nineteenth harmonic. The normal
configuration had a small resonance at the seventeenth harmonic.
The minimum configuration had 'a resonance at the eleventh
harmonic and the "Cold Start”® configuration had a serious fifth
harmonic resonance. These comparisons are shown in Figures 56
through 59 for the Arnold Bus. '

I-5
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DISTORTION FACTOR PERCENT

DISTORTION FACTOR PERCEMT

Figure ss -Minimum Configuration

1020 1140 1380 1500
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Figure ss--Cold Start Configuration
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The welder bus was injected with a harmonic current source using
the fifth and seventh harmonics. The system used was the *"Cold
start®” configuration since the harmonics would be maximized. The
configuration was changed by adding the welder to the Start Bus
and removing the VFPS transformers. A final case for the welder
was done with the normal system configuration but without the

VFPS connected.

TOTAL DISTORTION FACTOR IN PERCENT FOR THE WELDER

TOTAL DISTORTION FACTOR o = e —————

Bus Normal Cold Start
Franklin 0.001 ) 0.502
Arnold 0.002 0.544
PES 0.002 0.544
Start 0.026 0.561
Welder 0.793 1.136

The welder does not affect the harmonic levels significantly on
any bus other than its own supply bus.

CONCLUSIONS
The VFPS may operate in any configuration with the restriction

that at least one 500 kV line supplies the Franklin Bus, The
Welder may operate without ragtrictions due to harmonics.
{See Discussion of Result on Next Page)



Discussion of Result

The previous results were based on 3000 hp single channel & pulse
converter power. If two channels are supplying 6 pulse power at 18000 hp
then all the distortions must be multiplied by two, Under these condi-
tions the minimum configuration distortion factor would be 2.7 x 2 = 5.4%
at the PES bus which is above the 5.0% guideline. If the minimun
configuration is a realistic/common ‘condition then a 13th harmonic filtm;
may be required to reduce the distortion.

For the cold start configuration at the PES bus the distortion
factor would also be doubled making it 2 x 31.58 = 63.16% which makes
an already bad conditiom much worse. If twalve pulse power is used on
sach channel then the 63.18% reduces to (.026/.175) x 63.16 = 9.36%,
This is still above the maximum 5.0% valva recommended but a large
improvement. A Sth harmonie filter would also be required to reduce

this distortion to acceptable levels.

At low speed the ,175 5th harmonic current factor used would be
198 {overlap angle = 4°) which means the distortion factors would be
.198/.175 = 1.13, and at low spesd the 5th harmonic distortion calculated

above must be multiplied by a 1.13 factor,

Conclusions
{Section IV}
The results of the electrical harmonic study on FES and TVA

systems indicate no problems from the VFPS converter harmonic currents
under normal operating conditions (6 pulse, 9000 hp YFPS power). Onder
certain minimm configuration or ecold start conditions the harmonic
distortion can be quite high (above 308, Sth harmonic) on all buses.

I-=9



The 12 pulse converter for each channel is recommended for this

application for the following reascns:

{1} 1less harmonic distortion effects on the power system, MOLOrs,

relays and other equipment

{2) allows for larger a;celerating torgues on motor drives with
shorter start up times which meet all start up time
objectives--this is especially helpful if torque is
reduced in the lower speed range (below 40% speed) pecause

of 30000 hp motor design consideration

2 small induction motor/clutch/gear drive for each unit is the most

reliable/practical approach for slow roll at this time.

Regenerative breaking of 4T drive from 180 rpm to 10 rpm can be
accomplished with VFPS, but the same raestrictions on torgue level as
during start up must be maintained.

Reducing 4T motor torque (because of éesign considerations) by
making it proportional to speed from 40% to ]0% speed increases start up

time by approximately 30%, but start up time cbjectives are still met.



These results are based on six pulse 9000 hp operation. If a 12 pulse
converter were used the cold start distortion would be reduced to 4.70

on all buses., If the cold start condition is realistic/common then the

VEPS should be a 12 pulse design.

For two identical VFPS channels operating in parallel (18000 hp)
all the distortions would be doubled.

The 13th harmonic distortion in a particular minimum configuration
is 2.7% at the PES bus with 9000 hp, 6 pulse power, This distortion
would be S.4% for 18000 hp operation in either the 6th or 12th pulse
modes. Lowering this distortion would require a 13th harmonic tuned

filter.

To reduce the S5th harmonic distortion during a cold start with
18000 hp 12 pulse power to below 9.4% distortion would require a 5th

harmenic tuned filter,

Recommendations

Results of PES drive lateral study should be compared to actual

field data including vibration levels at bearing housings (pedestals).

A detailed lateral analysis should be made on the 4T-IDS compressor

‘drive to determine the lateral vibration levels and resonances throughout

the operating speed range when operating with a VFPS.

2 detailed torsional analysis of the 4T-IDS compressor drive
should be made to determine shaft stresses and compressor hlade stresses
of all impertant modes for both start up and steady state running in the
operating speed range with a VFP5. The effect of fault, electrical
unbalance and short circuits throughout the operating speed range on

shaft and compressor blades should be calculated.

If the minimum configuration is a practical/common condition then
consideration should be given to adding 13th harmonic filters to the
system. If the cold start condition is a practical/common condition then
consideration should be given to adding 5th harmonic filters to the

system.

I-11
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APPENDIX II
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Arnold
W or

Air-force Tullancaa PWT 3Super 481
INERTIAS 10

INFUT TORQUE AT INERTIA 1
MO OF SHAFTS 9
NDAMP
N0 OF POLES 10
NO OF LYNAMIC CASES 9
NGO OF STEADY CASES ]
NO OF 25F CASES
STATUS OF TAME 2
RATED 26040000 . a0
RATED SPEED 600 0008
PER UNIT LOAD 1.0000
ENT OF LOAD CURVE 2.0000
INPUT TORQUE 9348360,00
MO INERTTA GAD TMING GRD DAMPER NPT
1 4691 - I . .qon
2 1352.6 . 0 . E+ 5
3 500.1 . . .09
4 500.2 . . 3 80
s 1382.6 . . > .0
& 469.1 ) . - .0
7 23394.0 . 00000K. . N
2 54666 LOC0000R . N
7 £637.5 Q00000K+0D . ol
10 5906 .9 L 00000 8+Q0 .00
TOTAL 74048.7 15
SHAFT ELEMENTS
LT NT SHAPT SFRING SHAYT DAMPER  DIAMETIR GEAR MATIC
1 -2 .104700K+10 . 0 24.5000 1.0909
2 -3 .1 1o . gl 31.5000 1.0009
I-4 .1 i0 . 0E+0 22.3750 1.0000
4 -5 .2 10 - 31.5000 1.0000
S -6 .J 14 . L5000 1.0000
6 =7 .1 +10 . OE+ Ldooe 10000
T -1 .1216008+10 - L0000 1.0900
8 - % 131700214 .Q00Q0K. -o0d 10000
9 -10  .129300K+10 _pa000L 0000 1.0000
MOUAL DKTA
MODE NG 1
FAROUERCY  [MZ! i} Q0
DAMPING (%}
GEMERALIZED HASE
GENERALIZID STIFFWESA
ECTIVE
PARTICIPATION FACTOR
MODE SHAPE
[ 1, L3w-2.97988=01 { 2, 11=-2.9739E-01 ( 3, 11e-2.9734E-01 ( 4, 1]e-3.0736E2-01
(5, Uym-2.97386E-01 { §. liw-2.9736K-01 ( 7. 1]a-2.97368-61 ( §. 1)=-2.97358-01
{ ¥ ide-2.9735E-01 (W, 1]=-2.9708E-01 (
HODE MO 2
w‘lﬂ L., ] 10, 16455 {1 ] 146907
TG (%} 00000
GEMERALIZED MASS s.sissmu
GRMERALIZID ITIFFWESS L.38%13K+09
LITECTIVE MASS 3.83431K-14
PARTICIPATION FACTOR 104013808
HOOR SHAPE
(1, 2im L.OG0OE+00 ¢ 2, 2)= 9.9862E-01 ( 3, 2)w 3.7272-01 ( 4, 2)m 9.3004K-01
{5 2)m 9.9514B-0L | §. Zi= 0.52258-01 ( 7. 2is 7.29678-01 1 %, 2)= ¥.808}JE-02
{9, 2a-5,29458-0L {10, 2)w=-9 . 54582-01
MosE MO k|
PREQUENCY (NZ) §9.24512 (AP} 456,71
DAMPING (%] 100
ZRT MASS I. SE+04
GENRRALIZED STIFFWERS 1.64232E+0Y
EFFECTIVE MASS 4. 24981824
PARTICIFRTION FACTOR 1. 4%-14
HODE SHAFE
11, 3= 1.0000E«00 ¢ % 1= $.8367E-01 I # ba 0,0904K-01 {4, 3= 7.4360R-01
(4, Jla §.2033E-01 { &, Jpa 4.FL4R-01 pa 9.64598-02 { 0, J}=-5.5806E-01
(5, la=2.0464E-01 {10, 3= 4.30$BE-01 |
MODE. 4
” t 70.20131 30} 4212.20
DAMPING (V) 29000
LZRD MASS 4. 61593R+03
GEMERALIZED STIFFNEST £ SHOIREL 00
1.407228-11
PARTICIPATION FACTOR 6.257218-00
HODE SNAPE
{1, A}a 1.0000Re3¢ ( 2. 438 D.7627E-01 ( 1, dbw L.5401R-0L ¢ 4. 4}« £.3145T-01
{5, d)w 4.50418=01 { K, d)m 2 743IE-d1 ( 7, 4)=-3,23308-01 { 0, diw 0.TSLEE-02
{9, &)= 1.7452E-01 (10, 4)a-L.2ISTE-01 (
WODE MO
FREOUENCY (2] 25.3364% () 5120.19
DAMPING (%} - . 00000
INERALIZED MASS 2.96961 5004
1ZID STIFFNERS £.51746T+0%
BIFECTIVE 4.563T42-28
FARTICIPATTON FACTOR 1.910228-15
HODE SHAPE '
$ %, SYe=3.9150E-0% 1 &, Sp=-3.TTESE-0L { 3. Siu-3_0FT2g-01 { L. Gla-1.BLR2R-01
{08 Sia-0 6065R-02 | 6. Shw 4.2593E-0] (7, S)a 2.407IE-01 (9, S)ia-R_4121E-01
(9, 5)u 1.0000K+00 (10, $)w=]. BBB6E-01 |
MODE NO §
FREQVENCY (WZ} 17454856 RPN 10592.91

I1I-4



DAMPIMNG (¥} .qhaae
GENEPALIZED MASS 2.58766K+0)
GENERALIZED STIFFNESS 3.17416K+09
EFFECTIVE MASS 4.55119€-2
PARTICIFPATION FACTOR 1,33056E-14
MODE SHARE
VL. €Ya-§,86300-0L { 2, $)w-5.83328-01 ( 3. 6}=-1.0332E-01
P 5. 6la 1.00008+00 ( 6. &la §.1364E-01 [ 7, 61=-3_9798E-02
[ 3. 6ia=2 5IWSE-04 (10, Eix 1.7R04E-05
MODE
[ H 413946371 (REM]
DAHPING (%} (000
GENERALIZED 1.347742+0]
GENERALIZED STIFFNESS 9.11780T+09
EFFECTIVE MAdd 0.05602E-29
PARTICIPATION FACTOR 2._56340E-16
MODE SHAFE )
1. Ta=-6.6591E=01 { 2. Tr=-1.1657E-01 1 ). 1)a L.00Q0E+00
| 5. Tia-2.4001Z-01 { G, T)==-5.5070E-01 ( 7., T1= 4.5370%-03
¢ ¥, e 7.3325E-07 (10, T)s-B.30TVE-0%
MODE NO
FREQUENCY |MZ 525 94490 [RPH!
DAMPING (%} 00000
GEWEMALIZED MAES 1.20606E+0])
CENERALIZED STIPTNRES 1.401H0E.10
EFFECTIVE HARS 3.10208K-31
PARTICIPATION FACTOR 1.571908-17
MOUE SHAPR
[ 1, 9= 100008400 ( 2, $la-3.3213E-01 { 1, §)e-4.1247E-01
| 5. Sha 1.JL48E-01 (&, 8)=-B.77378-01 ( 7. §)1= 4.45162-0)
[ 5, %ia 2.7375E-07 (10. 2)=~2.030)E-09 (
WOOE NO )
FARQUENCY (HE} 563.01]3% 15
DAMPING (%) .000
GRNERALIZSD MASS 1.142198401
GENERALIZED STIFFNESS 1.42939810
HASE 1. 6683983
PARTICIPATION FACTOA 3.821798-18
MODE SHAPX
[ 1, 91 G.7626E=01 [ 2, 9)==3.5572E-0L ( 3, 9w 3.6452E-01
[ 5, 9 w-3.7511E-01 | 6. ¥i= L.OQOGE+LO ( 7, 9)w=4.4202E-03
[ 9. 91=-2.0523%-07 (30, 9= 1.3313E-0% (
S19. 35169 irm
1.35¢7 000
paen
9.30566K-21
-8.27T460-24
¢ L 10)u=3.0804K=01 { 3.10}w 1.0000E+0Q
H .NJ:-JJH.OI-N L] 1,101: 1.39T2E-03
i \10ha-2.3606R-10 |
STATIC TORGUE AND STRESS
FOR NOOE ] PREQUENCY 0080
SHAFT 1 1 TO 2 . STAESS ©. 0
SMAFT 1 3 TO 3 % . fTIRes O, ]
At 3 3 TO 4 TORCOE 0. STAESS ©.
AFT 4 4 TO S TORQOR 0. STAESS ©.
EAAP? 5 5 TO § % . tTAESS 0.
BIAFT 6 & TO 7T 00008 FARES 1. K-
EMAPT T 7T TO § TORQUR ox STAESS 1.9716E-01
SNAFT 0 T TO 9 TORQUR 0.0000Re0 sSTAESE  2.9715E~
SEAFT % 9 TO 10 O8R40 BTAEES 1.97158-01
ToR WD 2 FREQURNCY 301646
SMAFT 1 1 TO 2 1.2356E+05 STRESS 4.1790R2401
SUAFT 2 2 TO 1 CTORGUE 4.7827E.0S  STRESS 7.7931E.01
BAFMT 3 1 TO 4 TORQUE 6.0641R.03 STRRER 2. 2
HAAFT 4 4 TO § TORQUE 6K . 2
AT 5 5 TO £ TORMKE 479840 FREs: 1. ]
SHAPT & & TO 7 TORQUE 531K+ FTREAS 3. 1
EMAFT 7 7 TG 1  TOROUE §.6493Kd yTRESE 7. 1
SHAFT § 0 TO § TYORQUE &.0407R) PIREaS 3. 2
SHAPT 9 9 TO 10 TORQUE 1.999 rHRgss S, 1
FOR WODE 3 PREGUENCY S8.2451
SEAFT 1 1 TO @ TORQUE 3.31788.03 STRENR 2+¢3
SHAFT 2 1 TO 3 TORQUE 1.3495E.0 STRESS 2. B+02
SHAFT 3 1 TO 4 TORQUT 1.404ME sTrias  T.17708+02
EEAPT 4 4 TO 5 TORQUE 1.9657R+ sTRRIE ). 2402
SEAFT 5 5§ TO & TORMQOE 2.3%49Ee TTREES JINE58+03
SEAYT £ & TO 7  TORQUE  1.7642E+S 1TARSN 124R-01
TEAFT 7T T TO % LAS64E STARSE §.6439K-02
ST & & TO 9 % L0163k STAESS 68-01
SEAFT 5 9 TO 10 TORGUE 5.1407Es F T 4E-01
FOR MOOR 4 FREQTENCY
EBAFT 1 1 To 3 TORQUE §.1733E.03 ¥
MAFT ¥ I TO 3} 'w
smarT 3 3 TO 4 1 . N
SWAFT 4 4 TO §  TOMQUE 5. Le ool
SHAFT % $ TO & R &, 5
SHAFT & & TO 7 E §.4M01E STRESE  2.7431E~
SAFT 7 T TO B TORQUE ].740MEs STRESE 2.2330K-
SMAFT § 1 T0 § TORQUE' 1.1444Ke0 STRESE D.7S10E-
sHAFT 9 % TO 10 % 3.0066E+0 STRESE 1.7453E~
FOR NODR 5 PREQUDNCY 951365
SHAFT 1 1L TO 2 TORUE 2.l150E STRRES 7. B0
SHAFT 1 2 TO 1 TORQUR K.264)2+ ITRRES 1. B0
SHAFT ) 31 TO 4 TORQUE 1.0098% s ¢.2954E.0
SHAFT 4 4 TO 5 TORWE 1.11T7E+ STRRSS 1.0212140

t 4, §lx B.J48RE-0]
t @, 6i= 2.9532R-03
433782
P4 Tie B.R4ATIE-0L
(B, The-5.40442-05
31559.6%

4, 0= §,0120-01
[ 87 Blu=3 1552E-05

ML
4, e 3.45358-01
{8, 9= 2,0L39R-0%

ITLEL.T0
( 4,10)u-9, 065101
i 8,10)=-7.31J2E-06
FRR UNIT 0.0000E
PR UNIT (.CO00R«(
PER TMIT 0.008
PER UNLT 0.
IR TMIT 0.00C
KR UMIT 0.
PER TMIT C.
2 ONIT (.0000Red
FER TMIT "w
PER TMIT 4.74508-4
PER OWIT  1.9067R-
PER TRMIT 2.120E
FER UMIT 2.79%48-4
PER UMIT 4.024 1K~
MER UMIT 4.4295E-¢
PER UNIT 1.16%5
PER UMIT 2.3150K-{
PR UWIT 1.5)89R-
PER (MIT  1.3509%-0d
PER UMIT 1035E-9
PER WMIT G.4TTER-O
PER UMIT 71.4487R-0
PRA UMIT 9.365LE-0
PER DMTT 1.0615&-0
PR (MIT 1.71148-01
RN CMIT 1.T4338-03
TR UMIT 1.37412-01
FER TMIT J.3419%-0.
PER UNIT 1.)599%-G
MER TWIT 1.46831K-0
PR ONIT 1.9230K-0
PER UMIT 1.1%39E-0
PR MIT 2.4016K-0
PMER TMIT 1. 4730E-0
FER TMIT 4.4717R-04
R UNIT 1.4923K-0
PER TMIT  N.3908R-04
PER UMIT 3.1737R=9)
PER LMIT .876lE-0
PEN UMWIT 4.2922E-0




SHAFT 5 3 TO 6 1.25768+05 STRESS 4.3S5JE+01 FER UMIT 4, 0295E-03
SMAFT § & TO 7 TORQUE 1.2552E+0% STRESS 4.150)g-03 PEIR UM 4.8204E-03
SHAFT 7 7 1O & TORQ €. 4134E+05 STAESS 2.4072%-01 FER INIT 2,0904E-02
SHAFT § % TC % TORQUE 1.003E+06 STRESS 8.4122E-01 FER (MIT J.B528E-02
SHAPT 9 ¢ TO 10 TORQUE T.I7HIEs0S STAESS 1.Q00DE.00 PER UNIT 2,0333E-02
FOR MODE ] FREQUENCY 176.5486
SHAFT 1 1 T¢ 2 TORQUE &£.7245E.0%  ATAESS 2.2495%+02 PER DMIT 2.6054E-0
7 2 T0 3 TORGQUE 2.3413R+06 STRESS 1.3143E.0 PER UNIT B.9906E-0
SHAFT 3 3 TO 4 TORQUE 2.45R1Z+06 OTRESS 1.0425E+0 PER UHIT 9.4089E-0
5 4 4 T 5 CTORQUE L.7%0 STAERS 2.9018E+0 PER UKIT §.83R9E-0
SHAFT 5 £ TO & TORQUL 1.0698E.05 ETAESS 3.7041E.0 PER UNIT 4. IGTAE-D
SHAFT § & TO 7 TTORQUE 1.0720E«08 STREZS §.1284F-0 PER URIT 7.192iE-0
EHAFT 7 7 TO § TORQUE £.3012Es04 STRESS 1.9795E-0 PER UNIT 1.81870-0
CHAFT 9 § TO 9 TORQUE 7.2)JiEs0] STALSS 2.9532E«0 EER UNMIT 2.7774E-0
SHAFT 9 5 TO 10 TSRGUE 5.96BIE-02  FTRESS  2.5)95Z-04  PER UNIT 2.2902E.03
FOR MODE 7 FREQUINCY 41).9637
SHAFT 1 1 T0 2 TORQUE 2.5257K.03 STRESS B.7470E.0 PRk DSIT 9.6994E-0)
SHAPT 2 2 T 3 CTORQUE 3.H006E+05 STRESS §.192EE.0 PER UNIT L1.45952-02
SHAPT 3 F TO 4  TORGUE 2.4IF1E«0d TIRESS 1. 011480 FER UNIT 9.1629E-0
TMAPT 4 4 TO S TORQUE }.U615EZ+05. STRESS §.1934K0 PER URIT 1.4033K-0
GHAFT § 5 T & TORQUE 1.2375Ed STAESS 4235380 PER DRIT 4.75050-0
SHAPT & & T T CTORQUE §.SLSiE+04 STRESE 5.5073E-0 PER UNIT 1.2700E-0
sMAFT 7 7 TO 8 TORGUE 6.57128.02 STAESS 4.5370E-0 PER UNIT 2.5823E-0
SHAPT &8 9 TO 9 TORQUE N_#2]7E.00 STRERS 35.4044E-0 PER UNIT J3.31l3E-0
SHAPT § 9 T 10 TORQUE 1.1457K-01 STARSS 7.3825E-0 PER UNIT 4.3597R-09
FOR HODE ] FREQUENCY 525, 8448
GHAPF 1 1 TG 2 CTORE 1.1291K+06 STRESE 31.9102E+0 PER UNIT 4.33§0K-0]
SHAPT 2 2 T 3 CTORQUR 35._10E1Ee sTREES  4.1234Ee0 DR UNIT 1.¥SLSE-0
SHAPT 3 1 10 4 TORUIE 4.45E1E rmess  1.9954Re0 MmE OMIT 1.7189E-0
SHAFT 4 4 T 5 TOREKIE J3.1313Ee STREEE 5.1022E+0 PER INIT 1.2035K-0:
SHAFT S % TO & TORQUR 7.4L10Es ETREES 2.564BE+D: PER QLT 1.¥§2E-O
SHAPT 6 € TO 7 TORGUR 2.4744R FiRgis 3.7737E-0 FER OMIT 9.379BE-
guart 7 7 TO 0 TORMEE 1.1013Ee STRESS 4.4514E-0 ==um- 4.61TOE-
EHAPT § § TO ¥ TORQUIE 5.5J1TKe FIRESS .:55%3-0 WIT  J.6404E~
SHAPT 3 % TGO 1¢ TORQUR 7.7TIiE- STRISE 2.72758-0 PER ONIT 2. #51K-09
ron MoOR ¥ FREQUENCY $63.0213
sHAPT 1 1 TG 2 TORQUE V.23 Q STREES 1.1%06E+02 PER OOT 3, 34632-0
BHAPT 3 2 TO 1 TORQUR 4.77 STREES 7.7758ke0 PR} UMIT Ll.83382-
SHAFT 1 ) TO 4 5. ETRESS  2.2MilEed FER UNIT 1.0897%-
BHAFTY 4 4 TO % 4.1113%e sTRESS  §. 700820 FER UNIT |.3793F-
SHAFT 5 5 TO § TORXE 1. STREES  3.6915K.0 PEy UMIT 4.08)5%
SHAFT § & TO 7 TORRE 1. STRESS 1.00UOEs{ PR UNIT SLiE-
SHAFT T 7 TO § CTOROUR 1.15B4KEe .4202E-03 PFIR IMIT 4.3)36E-
SHAFT § 0 T0O 9 TORNUE K.E045E PTRESS 2.0119E-05  PER UMIT 181K~
SHAPF 9 ¢ TU L0 TOMNE 6.1 2 STRESS 3.0521K-07 PER ONIT 2.JE7TE-09
FOR MODE 10 FREQUENCY §1%.3617
SHAFT 1 1 TO 2 CTORQUE 2.8225E+05 FTREIS 1.2%45Ke! FER DMIT  1.15118-
SMAFT 2 2 TO 1 TOMKE .zﬁi:.os STRESE 1.3077E+ I USIT 21.0051E-
PAFY 7 7 TO 1 TOMQUE 5.350Re08  gTRREAS  3.2959K.0 iy tWIT 2.0721E-
SHAFT 4 4 TO 5 TORQUE 5.07B0E«QS STERSS 1.2744Es ER IXOIT #01L
SHAFT 5 5 TO & POROUE  1.1271Re05 STRESS [.0016E«L FER UNIT 1.1893L-O
SHAFT & E ™ T W%‘: 9140804 STRRAS -1310K- ek (MIT .6;;*!-—0
wAT 7 T TO 8 1 1938x.03 STRESF 1.3972R- PER IRIT 9.19278~-0
SHAFT 3 ¥ TO @ FORQUE  1.1517Re00  STREAS .31j2e- PIR TMIT 5.2384B-09
SHAFT ¢ 5 TO 10 TORQUE 7.97008-03 STREES 4. 40NSE PER IMIT  1.0607E-1
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NQ OF INERTIAS 10
INFUT TOROUE AT INEATIA 1
NO OF SHAFTS []
NOAME 1]
No OF LEZ 10
NC OF DYNAMIC CASES a
NC OF STEADY CASEX [}
MO OF 1SF CASLS 7
FTATUS OF TAPE
AATED TOR 26040000 .00
RATED SPEED &0C.0000
PER UNIT LOAD
EXFONENT OF LOAD CURVE 2.0009
IHPUT TORQUE Y340360.00
MO INERTIA GAD SPAING GRD DAEPER INFUT
1 469%.1 .0 Ee . E«Q0 +B0g
F] 1352.4 Ead) . ] 000
i S00.2 ' E+{ - .4
4 540 2 L0 . .o
5 L352.6 E» . .35%
H £69.1 04 Ev . S.oop
7 233940 £ - [ .0eQ
g 1546%.6 E - 0 .ooo
] 14637.5 . E+00 - 00E+00 .goQ
14 159068 01k+00 L0000 0d 089
TOTAL T4040.T L3589
SHAFT ELENEHTS
LT AT SHAFT SPRING SHATT DAMPER  DIAMEITER GEAR RATIO
1 -2 .IR4T00Bell A0000K+0 24.5000 1.0000
2 -1 . OE+ 10 . d4E+0 31.5000 1.0000
3-4 . OE+110 . QE+ 123750 1.0000
4 -5 . 10 . o0 31,3000 1.0000
5 -5 - 1¢ 4l 24.5000 1.0000
i -7 +1 l«10 . 0 L0000 1.0000
T -1 - 121600E+10 - -Dook 1.00400
§ -3 L13L700E-10 9 E+0 L0009 1.0000
1 ¥ -19 -123300%-10 .0 Ul 1] 1.0040
STATIC TORQUE AMD STRESS
PR HODE 1 FREQUENCY L0004
. SHAFT 1 1 ™ 2 TORGUE . x. STRESS 0O R+ PER UNIT . [ 2
SHAFT 2 i T 3 TORQUE . E STRESE ] PER IMIT &.
SHAFT 3 I ™M 4 mdﬂ . TIRESE PER THIT O,
AHAFT 4 4 TO 35 UR - FHESS - PER UmIT 0.
SHAPT 5 5 T 4 TOMUE . STRESY PER OWIT 0.
JHAFT & & ™ 7 TORUE 1. FTREEE LITIER- PER UROIT 0. L
SHAFT 7 Tl m - SIRESE TISE~0 PER ROIT O,
Hart 3 r ™M™ 19 . JE+ STRESS LITISE-0 PER NIT 0.
SHAFT 9 ¥ ™I TORQUE - G 2+00 STHRSS TIS5E-0L PER UNMIT 0. R+0
FOR HODE .2 FEQUENCY
ABAFT 1 1 ™M 1 ToRQUEk 1.l109K PER DMTT 4 .2641K-03
SHAFT 2 1 TG } TORGUE 4.-]000%+ PER USIT L. Ig-02
FHAFT 3 I om0 4 TORQUE -45 rER UMIT 2. SR-61
JHAFT 4 ™ § ") ] W5519%s MR UNIT 2.5149E-02
SEAPT 5 ™ & PORCEE 431K+ PEN UMIT J1.41798-02
SHAPT § ™ 7 MR .03 FER UMIT 1. ,Sj -0
AMAPT 7 ™ & FORQUE  §.0792E+ R DmitT L. SE=0
SHAPT 0 % 70 ¥ TORQUE S.4J1iEe PER. URLT 2.0857R-0
SHAFT % ? O TORQUE -SRSNE+08 PEA UMIT 1.1805¢-0
FOR MCDR 1 TREQUERCY 4.2458
SHAFT L "™ 2 % 2. 0! STRESE T.E827E+0 PEA UMIT $.51%1E-03
SHAFT 2 T 13 [ B! STRESE ~JEETE D PER UNMIT J1.3801EK-02
SHAFT 3 ™ 4 ToRQUE 1. 4] .S2608+0. PER (MIT 4.0050R-02
SEAFT 4 ™ 5§ TOMNE 1. FTRESS Q1$PE+D. PER OMIT 4. AE-02
SHAFT 5 ™ 6 m . K STRESS LE6T2E+D PER LWIT 5. 2E-02
SHAPT & ™ 7 . E+ FTRESE M1E=0 PER INIT 6. 1E-02
SHAFT 7 TO §  TORUX 3101+ STRESE A458E-0 PER UWIT |- 2E-01
FHAFT 2 4 TO % TORQUE 1.1715£+06 STRESE 3 .3ROGE-D PER UMIT 4.3829K-02
SHAMT 9 9 TO 10 TORXR +34LER+ 06 STRESE . ME4R-0L PER DMIT  1.34498-~01
FOR MODE 4 TREQUILCY T4.2033
SMAFT 1 L TO 2 TORQUT 4.]1954R.0%5 STRESS L5003 8+0 FER UMIT 1. E=D
SHAFT 2 2 TO 1 TORQUE L.GELER+D6 ~THTAE+D FER IMIT 4. 2
SMAFT ] 1 Mo 4 TORXE O582E+06 FTRESE JTSTARY. PER UMIT T. | o
SAAFT ™ 5 TORXE LIS14E+08 STRESS n ; FER UWIT %. ) !
SHAFT ™ & TORKCE I2T1E+ 04 FIRESE Q137E0 PER DWIT 1. : o
SHAFT ™ 7 TORQUE J.0466R+06 STRESE 2.74)J3k-01 PER UMIT 1. -
SHAFT ™ § TORUE .20l 0%  STRESY .3J10K-01 FER UMIT 6.
SHAFT 4 I ™ % TOMXE ASTEEHDY STRESE CISINE-03 PEA UMIT 2. 2
SHAFT 9 9 T 10 TORKE LB250R406 STRRER TASIE-OL *En UMIT T.0035E-03
FOR MODE 5 FREQUENCY 15,3345
SHAPT ™ TORQUE 5.02498K+03 FTRESE JT4IEE+00 MER DWIT 1.331iE-0d
SHAFT ™ TORQUR +J021E+04 STREES +09%1R+00 PFER UWIT 7.31044E-0
SHAMT ™ TORKE 3. ; ¥ sSTRESE 9.18 00  FER UMIT $.9225K
SHAPT ™ TORQUE - 1 FIRESE . 1916K+00 MR IMIT 9.ETHRR
SHAFT ™ TORGUR +AMSE FTRESS . +0L PER DRIT  1.11l3R-
SHAFT ™ TORQIE -3 La593IE-03 ER 1.1l0%1E-
SUAFT ™ 2 TolcR STRESS -40718-01 PER [MIT  4.9111R-
SHAFT 4 ™ 7 Twgi L STRESE -41338-01 T ¥ AETSR-
HAFT 3 ™ 10 TORCKTE - 2] FTRESS . QE«00 PER UMTT 6.52148-
FOR MODE & TREQUENCY 116, 5486
arr 1 g TOMUR  1.16512+ TR 4.037 L) 665
SHAFT 2 kg TORQUE . SR+ NFIRENE §.319 PER UNIT 1.54L3K-
SWArT 1 ™ TORCUT N ) FTREE 1.717 PERL UNIT Al1I0R-
ENAFT 4 ™ TORQUE . + STRESS  4.3T4 PER UMTT S LT24E~-
SUAFT 3 T TORCTE . STRESR & .34% Ptk UNIT Q4LIR-03
HUAFT & T TORKIT - sTrass 1. %S FER UWTT .33 -0
SMAFT 7 ™ TORQUE . L+ STRRES  1.37% FMEX TMIT L ASOTE-D
SHAFT § ¢ ™ TORCUT . E STREAX  1.9%2 Pk UNIT 16 0
SHAFT 9 9% TO 10 TORGUE 1.0232KeD sTRRSs 1.518 ONET  3,9295K-0
FOR MODE 7 FREAENCYT 413.9637
SHAFT 1 1 TO & TORQUE 5.2005E+05 sTREss  1.0010K«02 FER UMIT L8~
SHAFT 2 2 T 3 TORCUE  7.082548+0 SHESS  1.275E%e01 PMEK UNIT LEO5IE-02
SHAFT 3 3] TG 4 TOAQUE  5.0201K+0 ATARES 2.1)60E+01 PER TRIT .337IE-03
SHAFT 4 i ™ 5 TORQUE  7.9519E+0 STRESS  1.2059K+02 PER {MIT .0S41g-02
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NO OF INERTIAS
HO OF CYHAMIC CASES

NO OF POLES
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SHAFT 1 4 TO 5 TORQUE 1.0531E+G6  STRESS 1.7160E+02 PER UMIT 4.0442E-02
SMAFT § 35 TO § QUE  3.374)E+C STRESS L.lG6BEE.02 FER UNIT 1.2§5%8-02
3 § § TO 7 TORGUE 2.3217R+0 3TRESS 5.5079g-0] PER UNIT §.3159E-03
SHAFT 7 1 TO B TORGUE L.¥193K+C STRESS 4.53T0E-03 PEM UMIT &.9§62E-0%
SHAFT 9 8 TO 3 TORQUE 2.J510E+C STREAS 5.4044B-05 PER UNIT 5.0285E-07
SHAPT J 9 TO 16 TORQUE 3.1237E-G1  STRESE 7.J83SE-07  PEN UNTT 1.1556E-08
FOR MODE 8 FREQTENCY §25. 0449
SHAFT 1 1 TO 2 mu 4. 470280 STRE4S 1.5431B+02 PER UMIT 1.71662-02
SHAFT 2 2 TO 1 B 2,0223R+0 STRESS 3.2353E.00 PER UNIT 7.7662E-04
SHAFT 3 1 TO 4 TORQUE [.TEIER:C S 7.504%E.0L PER UMIT 6.7734K-03
SHAFT § 4 TO § TORQUE 1.2397R.0 STRESS 2.0200B+0L PER UNIT 4.7607E-C3
SHAFT 5 5 TO 6 TORQUE 2.9344B.0 STRESS 1-Ole2E+02 BER UNWIT 1.l2698.02
SHAFT & 5 T 7 TCRQUE 9.8762E+0 STRESS §.7737E-0%1  PER UNIT ) E-0
SHAFT 7 7 TO § TORQUE 4.759%E.0 STRESS 4.4516B-03 PER UNIT 1.0273E-05
SHAFT ¢ 8 TO 9 TORQUE 3.7737E+0 STRESS 3.2552E-05  PER UNIT 1.4492p-07
GHAFT 9 5 TO 10 TORQUE 3. 0TISE-0 STRESS 1.72TSE-07  PER UNIT 1.lB1BE-0%
FOR MODE ] FREGUENCY 543.0233
GHAFT L ! TO 2 TORQUE J.00BLE«0S  STRESS
SKAFT 1 2 TO 1 TORQUE 1.5S543B.0 STRRSS
SHAFT ] I T 4 TOMIE L.T469R+0 STAESS
SRAFT 4 4 TO S5 TORQUE 1, 3391R.0%  STRENS
SHAFT 5 £ TO § TORUE J.471TE«0 STRESS
SHAFT & 6 TO 7 TORQUE 9.7642E+0 STRELS
SHAFT 7 T TO f  TORQUE 4. 09E5R.0 TRESS
SHAFT § & TO § TOROUL 2.H20SEe0
SAAFT 3 & TO 12 TORGUE 2.00M1E-D STAESS
FOR MODE 10 FRECKTRCY &19.3417
SHAFT 1 1 TO 2 TORQGME 3.7I7dRs ITARES 1 PER
SHAFT 2 2 TO 1 CTOROUE §.7071Es STREES PER
EMAFT 3 1 to 4 1m= & 54 TIE STRESS 2 :g
SEAFT | ¢ ™ 5 7T 5.23048¢ sTRESS
SRAFT 5 5 10 & TORQUE 3.2221Es STAKES 1. PER (MY
ERAPT & €& TO 7 TOROQUR 7.l134K fTAEss 1. ==
SEAFT 7 7 TO 0§ TORQUE 2.44%9E.0 STIRES 1. [oh
SNAFT B B TO 5 TORQUE 1.4030E0 ITRERS 7. FER
SHAFT 5 ¢ T 10 ToRQOE 9.3232e-0 STAESE  4.4096R-0 PFER T +19798-12

ITI-190
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NG 4F INERTIAS

INPUT TORGQUL AT INFRTIA 1
NO OF 3
NDAMP 3
NO OF POLES 10
NO OF DYNAMIC CASEZS [
N0 OF STEADY CaAdRS 0
N0 OF 159F CASES 0
STATUS OF TAPE 2
RATED TURQUL 26049000 .00
RATED SPEED §00.0000
PER UNIT LOAD 1.0008
EXPONENT OF LOAD 2.0000
INPUT TORQUE 29TL184 .00
N INERTIA GRO JPRING aRb DAMPER INPUT
1 469.1 . 00E+09 . [ 000
2 1382.6 a - .000
k] 500.2 . 11 . 000
4 500.2 . L1114
5 1352.% + 01 . 409
& .l . . ] .D0%
7 231394.0 ¢ . ] .Qn0
g 154646 . 09 . Q 000
[} 146315 00000023 . ] 000
10 15946.0 -000000R«&0 - L] .¢Jo
TOTAL T4048.7 Byt
'S
LT RT SHAFT SPRING SHAPT DAMPER  DLAMETER GEAR RATIC
1 -2 .I04T00ES10 o 245000 1.0080
-3 .Jud 10 ot 31.5000 1.9000
3 -4 .193100%.10 . ot 224790 1.0000
4 -5 1 10 . 31.590¢ 1.0000
§ - & 2008410 . 24.3000 1.0000
§ -7 .I120300%+10 . . 0004 1.0000
7 -8 .131600E.1Q Q00N E. Q000 1.0000
g8 -9 L131T00E.10 -0Q 080K L4904 1.0000
9 -10  .128300Te10 LO0000X 08 1.0000
STATIC TORGUE AND FTREES
FOR MOOE 1 FREQUINCY 0000
SHAFT L 1 T0 2 TORNE 0. 0 STREES 0.0000E+00  PFER UNIT
SEAFT 2 i TO 1 TORNE . STRESR 0. 0000 K00 FER UNLIT
SHAFT 3 3 T0 4 TORXE 0. STAESS 0.0C00E MR ONTY
SUAFT 4 4 TO § TOMUE 0. STRERN 0. 0 PER TNIT
SHAFT 5 5 TO § TORUE 0. sTRgEs 0. & MX ONIT
SHAFT & ¢ TO 7 TomXE 0. B STREES 2. =1 FER UNIT
SHAFT 7 7 T0 § TORQUEK 9. £ STREES 3. -4 PER UMIT
SHAFT R 8 T0 5 TORXE 4. [ STRAEES 2.9738E-0 A% UNIT
SEAFT 9 9 TO 10  TORQUE 0. B STRESE 2.957)3E-0 PER UNIT
PON MODE 2 30.1646
seAFT 1 1 TO 2 STRAESS 1.2704K«! MR UNIT
SKAFT 2 3 TG ) FHESS 2.3117E+ MR UMIT
SHAFT 1 3 TO 4 FTRESS 7 6608 gk INIT
SHAPFT 4 L MO S o] 3.526% MR UMIT
SHAPT § 5 TQ & STREES 1.0774R+02- PER UNIT
SHAFT § & MO 7 FTRESS  1.5325E-0 PER UMIT
AMAFT T 7 1O § STRERS  7.2967R-0 FER UNTT
SWAFT B 0 TO 9 FIRESS 3. .50RIE-0 PER UMIT
SHAFT 3 9 TO 10 STRESE  5.234% PEN UWIT
FOR MODRE 3 5B.2451
saAr? 1 1 TO 3 TORQUE FTREAR  2.9270Ks PRR UNIT
FHAFT 2 2 TO 31 TORQUR 0% yTRESS 5.281ike PFER UMLT
SHAFF 3 1 TO 4 TORQUR 4. 45 STRESS 1. - PRR TMIT
SHAFT 4 4 TO % TORKR TR+05 STRESS 7. + PEN UNLT
BAAFT 5 5 TO § TORIE &. ¢ FTRESS 2. + #RA UNIT
SHAFT & & TO 7 TORGUE 6.64Ll1R+ riEREs 4 -BLJ4E- PFER UL
SMAFT T 7 TD § TORME TATE+D STRRSS 9. PEA UMLT
SHAFT & B TO ¥ % 4. BAIR+0! 5. PEN LML
WHAFT 9 9 TO0 10 1.3351R+0 [T PEN
roR MODR LY FREQUDNCY T8.3033
SHAFT 1 1 To 2 TORQUE 1. S504TE+ STARES 6.60323+0L  FPRR LMIT
SHAFT 2 2 TO 2 TORNE 7.1T41Rs FHEES 1.18532.02 PER UMNIT
BHAFT ) 3 TO {4 w JGLO4E STRAEES 1.33308.02. PER UMTT
SHAFT & 4 TO 5 .03! STAESS 1.a/M4Le0d  PER OWIT
SHAFT 5 5 TO 6 TORQOE L.2815E+ STAESR 4.4379%+02 TER UMIT
SHAMT £ & TO 7  TOMQUE 1.1134Es FIARES 2.T433R-01 PER OWNIT
ZHAFT 7 T 1O % 1% HSEE. ATAESS 2I0E-01L  PER (MIT
SHAFT ¥ 3 TO ¥ D IHITES s 4.TSL98-02 PER OMIT
SHAFT 5 9 1O 10 TORQUE 7.9897Es STAENS 1.T7452K-01  PER UMIT
POR WOCE H FREQUENCY 15.136%
SEAFT 1 L TO 2 TOWEE J.J4lERed STREAS T2E-00 PER UMIT
SHAPT 2 2 TO 3 TORNE g T STREMS 3 FER IWIT
SHAFT 3 ] TO 4 TORQUE 1.54398.0 FTRREI . E+00  PER IMIT
EHAFT 4 4 TO § TORQUL 1.7093R40 FIRLaa IE+00 PER MIT
SHAFT 5 S T 6 TORQUE 1.9232R+( FIRELS 4, +00 PR UMIT
SHAFT &€ & TO 7 % AL97Es TRSS 5918~ FEA TMIT
SHAFT 7 T TO & MK FERRAS 1R~ PER UNIT
SHAFT § 0 TO 3 TORQUE 1.3)144E+d FTRESS Al22E- PER LWIT
SHAFT 9 9 TO 10 TORQUE 1.1204K TRLes 1. #RA UNIT
FOR MOL [ PAEOUENCY 176.548%
SHAFT 1 1 T 2 TORUE 3.} STRESA 276X+ FEA UMIT
SHATT i1 2 TO 3 Tomgot B.03% TIREES 1. R UMIT
SAFT 3 3 TO 4 Tomur 0.47% STARSS 0% L+ PFER UNIT
SHAFT 4 4 TO 5 TORMUE 6.1400 STRERY & FER UMIT
SHAFT 5 S To § m 1.699 FIREEE 1.28 PER UNTT
SHAFT & £ TO 7 .419 STAESS 258k~ PR UMIT
SHarT 1 ™ ; TORQUE i'go;u Feas 2 1332'3 = et
. vd) B8 1. -
SHAFT 9 % TO 10 TORQUET 2.0847Ee01 sTRESS 2.51035E-0 ek UNIT
FOR WOOL ? FREURNCY 413.94637
SHAPT L 1 TO 2 - TOMUR &.1516E«03 STRRSS 1.1039E+02  PER LMIT
SHAFT 1 2 TO 31  TORQUE 9.2T17E.05 ATRESE 1.5100R«02 PER DMIT
SHAPT 3 ] TC 4 TORGUR S5.947VE.04 STRESY 2.3307E.41 PR OMIT
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SHAFT 4 4 To % TORQUE 9.4237R0 STRESS 1.5354E.02 PER UNIT J.6105E-02
SHAFT 5 5 70 § TORQUE 3.0l91E«0 STRESS 1.04560+02 PER WNIT 1.1l594E-02
SHAFT 6 6 TO 7 TORQUE 2.0773R«0 STREES 5.5C78E-GL  PER \IIT 7.9774E-03
SHAFT 7 7 TO 8 TORQUE L.637TE+0 TR 4.53T0E-0  PEA UNIT &.150BE-05
GHAFT 0 9% TO 9 TORQUE:- 2.1036E+01 OTRESE 5.4C44E-05  PER LNWIT . 0743E-07
SHAFT 9 9 TD 10 TORQ 2.7%498-0 gTR 7.1925E-07  PER WNIT 1.073JE-0%
FOR MODE g FREQUENCY 525. 9449
SHAFT L 1§ T 2 TORQUE &.9290E.0 TIRESS 2.)850E+02 PEN UNIT 2.5225E-0Q
SHAFT 2 2 TO J TORQUE J1.009SE+0 STRESE 5.0341E+00 PER UNIT 1.1864E-03
SHAFT 3 3 TO 4 TORQUE Z.6945B+0 STRESS 1.1465E+02 PER UNIT 1.034EE-02
THAFT & 4 TO §  TORQUE 1.993%E.0 FTRESS 3.(ASSE.Ql PER UNIT 7.2729B-03
SHAFT § 5 TO § TORQUE 4. 4029R+0 STAESS [.5525E.0) PER UNIT 1.7215E-02
SHAFT 6 & TO 7 TORQUE L.S08A%.0 STRESS 9.7737E-01  PER UNIT 5.7941E-03
sEAFT 7 7 To 8§  TORQUE T.3716E«(i STAESS 4.4S16E-03  FER UNIT 2.T92fE-5%
SHAFT 9 2 TO & TORQUE S5.T6SOE.00 STRESS 1.2553E-05 PER UNIT 2.2139E-07
SHAFT 9 9 TO L0 TORQUE 4.TOLSE-02  STRESS 2.7275E-07 PER UNIT 1.3355E-0%
FOR MODE ] FREQUBNCY $43.0233 R
SHAFT 1 1 T0 2 TORGUE 2.0264E+05  FTRZSF T.017HE.01  PER UNIT 7.7
GHAFT o 2 TO 3  TORGUL 1.04T0E+0S  STREES 1.70602.01 PER UMIT 4.0
BMAZT F 3 TO 4 TORQUE 1.176ME+04  STREES 5.0070Z+00  PER UNIT 4.5
SHAFT & 4 TO 4§ TORCUE 9.022)R.0 STAESS 1.47012+01 PER UNIT 3.4
GMAFT 5 % TD & TORQUE 2.33A7E+0 STAELS 9.0991R.01 PER UNIT B.9
EMAFT & & TO 7 TORGUR 6.3176E+0 STRESS 1.0000E.00 PER IMIT 2.5
g 707 o 1 TORQUR 1.76058+0 STAESS 4.42022-03 FER UMIT 1.0
SHAFT 9 2 TO § TORQUR 1.9054E+0 gTYRESS 1.B1I5E-0E  BER UMIT 7.3
[ 3 & 7010 TORGUR 1.3527B-0 SPARSS 0.0523E-07 PER UWIT 5.1
FOR MODE 1o rREUbEY §19.3417
SHAPT 1 1 TO 2 TORQUE 3.8972E40 1.2769E+02  PER TMIT 1 _4150%E-C
SHAFT 2 2 TO ] TORQURE STRERS §.659EE+ PER UNIT 2.0409E-0
SHART 3 3 To 4 ToRQUR STRESS 1.336EE PER UMIT 2.1891E-0]
SHAFT & 4 TS 5 TORQUR STRESS §.4221E+ PER UNIT 1.3B49E-0
SHAFT § 5 to § TORQUE 1.17BAE&D STAESS 1.1009E ;ﬂ NIT 1.2300E-0
SHMAFT & & TO 7 TOROUR 7.0174Ee04  STRESY 1.03L0K- WNIT 2.7T025L-0
SMAPT 7 7T TO @ TORQUE 2. 4365Ee0 STRRSS 1.1372E-0 PER UNIT 9.)540E-0
BRAFT 8 & TO 9 TOMOE 1.3060E«00 STRESS 7.3J32E-0 PFER UMIT 5.3220F-0
SHAFT 3 % TO 10 TORQUE #.1123E-0 STRESS 4. 4036E-8 FEN UNIT 3.1183%-1
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